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Detailed Report 

1. Name of invention 
electronic circuit design formula 

2. Sphere of patent request 
(Claim 1) 

Claim 1 is concerning an electronic circuit design formula which has the 
following characteristic: A circuit element or device recognizes figures drawn by a cursor 
in an area displayed by a pixel device which has been distributed uniformly over a flat 
surface. 

(Claim 2) 

Claim 2 is concerning the electronic circuit design formula in claim 1 which uses 
multiple cursors each of which is driven by a different frequency. 

(Claim 3) 

Claim 3 is concerning the electronic circuit design formula in claim 1 where the 
flat surface is made by many vertical straight conductors and horizontal straight 
conductors under the surface. 

(Claim 4) 

Claim 4 is concerning the electronic circuit design formula in claims 1 or 2 where 
the cursors windings on a magnetic stylus. 

(Claim 5) 

Claim 5 is concerning the electronic circuit design formula in claim 1 where the 
connections are expressed by marking elements on a table with circuit elements or 
devices in rows and lines. The table then outputs the design. 

(Claim 6) 

Claim 6 is concerning the electronic circuit design formula in claim 4 where the 
magnetic stylus has an optical fiber core. 

3. Detailed explanation of the invention 

(Technical field of this invention) 

This invention is concerning an electronic circuit design formula which uses a 
calculator and its input-output device. 

(Prior art) 

Electronic circuit designs can be analyzed using electronic circuit analysis 
programs. If the result is not desirable, the circuit is changed, and the electronic circuit 
analysis program is started again. It is necessary to input the physical condition of circuit. 
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Because of this, electronic circuit language is used. Although it is possible to describe the 
physical construction of the circuit using electronic circuit language, the electronic circuit 
is normally examined using circuit diagrams. Changing this diagram into electronic 
circuit language requires a lot of effort. An electronic circuit design system which uses a 
display has been released for accumulated circuit designing. For this, many figures such 
as circuit diagram, characteristic graphs, print plates, IC patterns, etc., are used. 
According to this method, it becomes possible to choose figures expressed on the screen 
or to move them directly with a light pen. However, input by a light pen takes 1 to 2 
seconds for the change to appear on screen. In order to reduce this time, the functionality 
is limited. In addition, the display surface is a CRT. Color on this display surface is by 
an electronic beam and the light pen and display coordinates do not match accurately. 
Furthermore, it is too big and there is no flexibility to change the function. 

(Object) 

This invention enables the use of electronic circuit analysis programs while 
monitoring the electronic circuit. Accordingly, its object is to design complicated circuits 
and to improve circuit design efficiency. 

(Constitution) 

This invention uses a flat surface which works both as a display and a coordinate 
reader using a cursor which is equivalents to a light pen - in other words, a tablet display. 
It is shown in figure 1. TD is the tablet display, and the main part is a rectangular plate. 
PE is a permanent magnet coil LE which has a stylus core wrapped around an optical 
fiber for assigning coordinates. An electric cable S for the cursor PE and an electric cable 
for the main body of the device are connected to a control device such as a computer, etc. 
Figure 2 shows the internal structure of the flat plate in figure 1 and the electric circuit. 
X, Y are decoders. Caa, Cba — Cpa, Cab, — , Cap, Cpp are pixel devices distributed on 
the flat surface in figure 1. They consist of light-emitting devices and light-receiving 
devices. Figures are displayed on the flat plate by the light-emitting devices and the light- 
receiving device detects light from the optical fiber in the core of the PE. The influence 
of the light-emitting devices on the light-receiving devices is treated as differential effects 
of two optical diodes, and it is ignored. Lxa, L'xa, — Lxp, L'xp, and Lya, L'xa, — , Lyp, 
L'yp are each vertical and horizontal line. XY are the coordinates of each intersection of 
these lines. The magnetic body which surrounds the optical fiber in the PE is influenced 
by alternating current called OSC. By this, alternating current voltage is induced in the 
tablet line at certain points by the PE. The alternating current voltage is read at all tablet 
line intersections X-Y. This voltage is detected at the terminal M of resistors R. Dlx, 
D2x, — , Dpx, and Dly, D2y — , Dply are diodes which prevent interference between 
tablet lines. The current position of the PE can be found automatically by examining the 
series of output voltages M. One of these which drives the light-emitting device at Caa is 
the picture image pattern which is received from the calculator side. Because of this, at 
Cac, etc., there are memory devices. These memory devices form shift registers for every 
main scanning line and their inputs store symbols in these shift registers. Another input is 
made by feed back from the light introduced through the core of the optical fiber of the 
PE. Accordingly, by switching between signals from the calculator side and signals from 
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the PE, coordinates read by receiving the picture image pattern and tablet can be 
monitored. The frequency of the electric current flowing in the cursor winding is shown 
in figure 1 . It can be selected freely. Therefore, multiple pens with can be used, and an 
electric current with different frequency is used for each one. A current detection circuit 
is set up for each frequency. Multiple numbers are necessary for detection in the X axis 
direction of the detection circuits Dx 1, D x 2, D x 3, and Y axis direction DY1, DY2, 
DY3, etc. These detection circuits are co-oscillating at the frequency of each cursor 
input, and they separate and detect the frequency of each cursor. Figure 3 shows the 
construction when multiple cursors are used. TD is the tablet display, and it shows 
devices such as Caa, Cpp and the vertical and horizontal lines in figure 2. BC drives an 
XY decoder and addresses the TD tablet and detects output signals M and M\ X and Y 
detect which tablet has been addressed within the detected time interval at D x 1, D x 2, 
D x 3, and D x 1, D x 2, D x 3. It outputs the coordinate values of these outputs. 

The electronic circuit analysis program models the semiconductor elements 
mathematically. It simulates the electronic circuit by solving simultaneous equations, 
eigenvalue equations, calculation of space lines, and nonlinear equations. In this 
invention, the electric circuit that is analyzed by the program is input by drawing it using 
the tablet display and cursor shown in figure 3: Because of this, in addition to the 
electronic circuit analysis program, instructions are for showing the user how to use the 
tablet display and cursor in figure 1 are also output. 

A table with the circuit element or devices as row and line items is built by the 
user beforehand. This requires a circuit editing program which defines the connections 
between circuit elements or devices by marking elements in the table. The table made by 
the circuit editing program is called a wiring table. With former electronic circuit 
analysis programs, the topology is defined beforehand so that solid intersections will not 
occur in the wiring. If the wiring diagram cannot be implemented, it has been necessary 
to correct the input. This invention uses amorphous materials to form a flat surface which 
consists of N shaped semiconductors and a flat surface which consists of P shaped 
semiconductors that cross on the same flat surface. These are positioned to form multiple 
device layers. When conductors grown on these multiple devices are connected, the 
wiring problem above will not occur. The electronic circuit analysis program a 
mathematical model of the circuit elements or passing motion of the device. This 
invention requires a mathematical model of the circuit elements or devices. Conditions 
necessary for animating these device models are input by the user. The circuit editing 
program has the following function. The method of drawing the devices in the 
mathematical model is well defined so that they can be handled by the electronic circuit 
analysis program. The user inputs the kind of device by drawing these figures using the 
tablet display and cursor in figure 1 . 

When the user first calls the circuit editing program, a prompt showing the 
position on the tablet display for drawing the devices is indicated on the keyboard display. 
The user responds to this and indicates the position and size of the part using multiple 
cursors, and the figure appears on the display side of the tablet according to the above 
program. The user draws figures in this area. By this, color layer signals from the 
calculator side and signals from the user's handwriting are recorded, and color is emitted. 
In accordance with this, the coordinate values of user input is read by the tablet and sent 
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to the calculator. The circuit editing program calls a pattern recognition routine and 
acknowledges the user input. The device name is chosen. The mathematical model is 
started, and requests for the necessary parameters or conditions are displayed on the 
keyboard display. The user responds to these requests and the line items of the wiring 
table are defined. The pattern formed by the user input is displayed on the tablet display. 
At this point, the user is asked to input the next device by the keyboard display. This 
procedure is repeated as many times as necessary. The user next inputs the wiring 
diagram using a different cursor, in other words, the wiring cursor. Checkmarks are 
placed next to the elements on the wiring table which correspond to the space between 
the device with the first coordinates and the last coordinates indicated by this cursor. The 
writing pattern is displayed on the tablet display. 

Next, the pattern recognition program is going to be discussed. Pattern 
recognition is performed based on the writing on the display area on the calculator side. 
It is facilitated by making measurements on the entire area clear. The pattern recognition 
algorithm may be a phase structuring method, etc. The pixel signals from the above area 
Xij are used to form signals such as Y = ZiZjWiWjXij (1). Wi and Wj are values close to 
the symbols Y in the electronic circuit device. At this point, i and j are the vertical and 
horizontal pixel indices for the area. Wj records in the calculator memory by regulating 
Wi beforehand by the following method. When the pattern recognition program is called, 
this memory is indexed. 

Wi and Wj are regulated by the following operation. For example, to form the 
letter "k", a pattern Xij which is similar to the letter "k" is detected, and Y - k = Z is 
calculated. The difference between Wi and Wj in the direction that Z z comes close to 0 is 
calculated. This processing is repeated several times. The value of WiWj at the number 
n is adopted as Wi(n), Wj(n), and the following difference equation is used. 



Using this equation, there is no amount that cannot be measured. 

The pattern recognition program calculates Y from (1) and subsequently 
determines that the symbol is "k" from Y. This is done by making a function table which 
expresses "k" as a function of Y beforehand. In this function table, the memory area 
occupied by the function is divided into k intervals, and the numbers from each division 1 
to k are allotted. Before using the pattern recognizing program with this method, formula 
(3) is evaluated, and Wi and Wj are regulated. At this point, it is necessary to input 
signals Xij with a pattern similar to the letter "k". The method of dividing the memory 
area for the above function table may be somewhat different depending on the pattern tat 
is used. 

Wi and Wj are made using a pattern study device which automatically recognizes 
patterns from a book using contrast sensors and transforms it into symbols. The formula 
for the book read by the pattern study device is regulated. The pattern study has files of 
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columns of letters for each recording formula. By assigning each letter to a column in the 
book which is read, each letter pattern in the book is read and recognized. 

(Effects of this invention) 

As stated above, this invention constitutes an electronic circuit analysis program 
which is driven by input while monitoring the electronic circuit. Therefore, even with 
complicated circuits, the time required for changes on the screen can be reduced. Not 
only that, it can also be used to draw accurate circuits. 

4. Simple explanation of figures 

Figure 1 is a cross section of the tablet display; figure 2 is circuit diagram of the pixel 
devices in the flat plate in figure 1; figure 3 shows a circuit diagram which uses multiple 
cursors. 

Table display: TD; cursor: PE; pixel device: Caa, Cba to Cpp 
Applicant of the patent: K.K. Ricoh 
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